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Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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WAVE PROPERTIES OF COAL-BEARING STRATA

Abstract. The study was performed in the coal mines of Karaganda coal basin located under the safety pillars
and stratum edges. The study comprised of measurements of dimensions of mines located under the safety pillars and
edges of above coal strata. The results showed that in all investigated mines the height of mine located under the sa-
fety pillar (edge of stratum) varied in a wave pattern. The article summarise the comparative analysis of investigation
with the theory predicted laws of wave processes. In the result of the analysis the diffraction features of abutment
pressure and the regularities of its propagation under the safety pillars and stratum edges were revealed.

Key words: bearing pressure, the pillar of coal, marginal part of the coal seam, the zone of high rock pressure,
interference, diffraction, harmonic process.

Introduction. The actual rock is a multicomponent media formed under the influence of many
geological factors. Mechanical features of different rock types vary widely. The processes developed in
the rock adjacent to mines and excavations are materially influenced by the stress caused by mining
activities and their own mechanical features. It is virtually impossible to take into account all the range of
mechanical features of natural soil, and due to that various mechanical models of rock are adopted. These
models account for the major substantial features of rock while ignoring minor features. Such substantial
features are elasticity, plasticity, frangibility, solidity, isotropism and uniformity of rock. «The real world
is so rich in its variety that when we try to invent a model as close to reality as possible we soon are lost in
the chase for the most complicated equations consisting of unknown variables following unknown laws.
Should we determine these equations they develop in even more complicated ones, ad infinite" - says R.
Bellman [1]. The study of the majority of natural phenomena in view of the cause and effect laws is often
overwhelmingly complicated, if possible.

Nowadays the problem of finding the laws of organization of physical systems is clearly interdis-
ciplinary; it doe not belong to physics, biology, ecology or linguistics itself. The science in the whole
range of problems it addresses has come close to understanding of the ways of solution of this problem. It
is proven by the existence of a wide variety of science disciplines aimed at finding the laws of organiza-
tions of physical systems, though that fact may be hidden beyond apparent variety of theories: dissipative
structures, generalized catastrophe, off-balance phase state and bifurcations, irreversible process and
structural stability, autowave process and synergetics [2].

Material and methods. Synergetics as a science field is of integrative nature. It combines physics,
chemistry, biology, psychology, social studies, astronomy, philosophy and others stating by identification
of the laws all of them share. It is an interdisciplinary science, which provides strictly mathematical
substantiation of self-organization processes, occurring in open complex nonlinear systems Synergetics
deals with the study of systems comprising of subsystems of various nature. It considers how the
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interaction of such subsystems leads to the emergence of spatial, temporal and spatial-temporal structures
on a macroscopic scale. Thermodynamics of non-equilibrium processes, the theory of random processes,
the theory of non-linear oscillations and waves are basis of synergetics.

The world as a whole and every structure of it is a Wave. In other words, not just microscopic objects
(traditionally studied in quantum theory), but also each existing thing, all the diversity of the systems of
the world, as soon as they are dialectically contradictory, represent the Wave which is a structural reso-
nance of the substrate they're made of, i.e. sort of "interference" of opposites within unity. Physical inter-
ference fringe pattern, whether arising as a result of superposition of coherent light, sound or surface
waves is just a particular case of the most common resonating principle of the nature, which manifests in
interference.

Sources [3, 4] are the studies of wave nature of abutment pressure under safety pillars and stratum
edges of coal layers, where the wave nature of distribution of stationary abutment pressure is found. Any
wave propagation generates interference and diffraction, so it makes perfect scene to verify the corres-
pondence of wave processes observed in carbonaceous rock to the common oscillatory laws. For instance,
diffraction in optics is used to confirm the wave structure of light. Diffraction is defined as the set of facts
which are determined by wave nature of light and observed during the propagation of light in a strongly
pronounced nonlinear media. It narrower sense it is defined as the bending of waves around the corners of
an obstacle or aperture into the region of geometrical shadow of the obstacle. Diffraction is the feature of
propagation of waves [5].

Results and discussion. As for the carbonaceous rock the diffraction of rock pressure waves shall
take place at the border of the two diverse media: undisturbed rock (elastic medium) and excavated space
(nonelastic medium). This is why the coal safety pillar may be considered as a waveguide through which
the wave of elastic abutment pressure propagate.

The type of diffraction pattern depends on the value of wave parameter P [6]:

VA-L

a

pP=

where @ — width of the waveguide, meters; L — the distance from the plane of the waveguide to the
observations plane parallel to it, m; 4 — wavelength , m.

The excavated space is an obstacle to propagation of such abutment pressure waves, being a kind of
screen for such waves. Thus, in relation to rock pressure: @ — width of safety pillar B,, m; L — thickness of
inter-stratum space #,, m; A — abutment pressure wavelength, equal to the doubled thickness of top rock
2h,, [4], m. Then the wave parameter equation is:

At P 1 (wide slot) the intensity distribution on the plane is shown on figure 1. Adjacent to points T, u
T,, located across the edges of the slot it resembles the intensity distribution adjacent to point Ty, at
diffraction on the edge of semi-infinite obstacle (figure 2). The amplitude in point Ty, located across the
edge of the screen is twice less than without the obstacle. The intensity of light is 4 times less, corres-
pondingly. The intensity J of elastic wave is the amount of energy transferred by the wave per unit of time
through unit of space perpendicular to direction of propagation [9]. The intensity os sinusoidal wave is
proportional to its amplitude squared. With regards to rock pressure waves the amplitude corresponds to
the decrease of mine height / subject to pressure.

Lets compare the diffraction pattern on the edge of semi-infinite obstacle (figure 2) and the dif-
fraction pattern of rock pressure on the edge of coal stratum obtained during studies [7] (figures 3 and 4).
The study comprised of measurements of dimensions of mines located under the safety pillars and edges
of coal strata.
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Figure 1 — The intensity distribution of light diffraction Figure 2 — The intensity distribution of light diffraction
on the wide slot at P 1 on the edge of semi infinite obstacle
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Figure 3 — Observed abutment pressure in the belt entry 42K -3

The visual resemblance of diffraction patterns is further confirmed by absolute values of
deformations of excavations. Thus in the belt entry 42K, —3 having original height # = 3,5 m, the axis of
abutment pressure wave is located at ;= 2,77 m, i.e. deformation is Ak, = 3,5 — 2,77 = 0,73 m, and the
deformation in the point located under the edge of stratum, Ak; = 3,5 — 3,12 = 0,37 m. So, Ah;/Ahy= 0,51,
i.e. the amplitude in the point located contrary to the edge of the obstacle is twice less than without the
obstacle (factoring measurement error). The same applies to the belt entry 45K — 3. Given the original
height of excavation /2 = 3,635 m the axis of abutment pressure is located at 1y = 3,15 m, i.e.. Ahy= 0,485 m,
Ah;=0,245 m, Ah;/Ahy=0,5.
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At P 1 the oscillations of intensity spread all over the T, — T,, which corresponds to the image of the
slot in geometrical optics, and is also observed in the area of geometrical shadow (contrary to monotonous
decrease adjacent to the edges of the shadow at P 1. Depending on the values of P in the middle of diffrac-
tion pattern the point O may be either minimum or maximum intensity. When there is an odd number of
half wave lengths for point O (2k + 1) 4/2, the amplitude in point O is less than in the absence of the
obstacle. When there is an even number of half wave lengths (2k) 4/2 — the amplitude in point O is less
than in the absence of the obstacle. Refer to figure 5 — the abutment pressure in airway 42K -3 for
example. Here, given that wave parameter P=1.6, oscillation of abutment pressure are also observed in the
geometrical shadow area, though diffraction pattern is distorted by small-scale fluctuations. If the safety
pillar is 38 m wide and half wavelength is 13 m, three half-waves fit and, consequently, the amplitude in

the center of diffraction pattern O is higher than without the pillar.

B o

(—f'e-/_-’.'_'é&;

elddeaoonsyy;

7

Sing
Figure 6 — Diffraction of abutment pressure waves at P >> 1

If P >> 1, the diffraction pattern is similar to that of Fraunhofer diffraction on the same slot (figure 6).
The main maximum lies opposite the slot, and is the wider the narrower the slot is. The distance from the
center of diffraction pattern to the firs maximum increases with the increase of safety pillar width B,. At
this, the central peak gets wider and lower. The intensity decreases going from the center to edges of the
plane of observation.

Angle ¢ between the original direction of the wave and resulting direction is called the diffraction
angle. The energy of original wave distributes unevenly in angular space. It is lower at higher diffraction

angles.
Conclusions. Thus, the observation of diffraction of abutment pressure waves and their

correspondence to common laws of wave propagation confirms its wave nature.

P. P. Xoxxaes', P. U. TaGaiiayamun’, C. H. Juc?, I1I. K. [lananos’, H. H. Aknm6exosa®, I'. K. MBaxniok®
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KOMIP KYPAM/IbI KAJIBIH/IBIKTAP/IBIH TOJKBIHbI KACUETTEPI

Annotanusi. Kemip rutactapbIHbIH XHeK O6JIKTEpiHe JKoHE Tipey acTapblHia opHajlackaH KaparaHubl kemip
OacceliHi KeMip IIaXTachIHBIH JKEp acThl OHACYJIEpiHe 3epTTeyliep XKypriziaai. JKorapsl jxaTKaH KeMip IuiacTapbl-
HBIH JKHEK OOJIIKTepl MEH Tipey acTapbhlHIAFbl alMaKTapa 3epTTey Tay-KeH OHJCYJIEPiH oJIley apKbUIbl XKYPri3imi.
JKyprizinren 3epTreyiep HOTHKENEpl KopceTKeHIeH, SSFHH Tipey acThIHIA OpHAIACKAH OapibIK KapalfaH oHICYIep
aiiMaKTapbIHBIH Y3bIH/BIFBI TOJIKBIHFA YKCAC ©3repill OThIpaIbl. Byl Makaiana TONKBIHABI YPRICTEPAIH TapalybIHBIH
TEOPHUSUIBIK KaFbIHAH KapajiFaH CaIBICTRIPMANIbl TalAaylapIbslH HOTIDKenepi kenripinmi. JXyprizinreH tammaymap
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HOTIDKECIH/IE KONy KHICHIMBI MEH KOMip IDIACTapbIHBIH JKHEK OONIKTepi MEH Tipey acTapbIHIAFBl Tapaly 3aHIbI-
JIBIFBIHBIH TU()PAKIIMOHIBl KACHETTEP] aHBIKTAJIIIBI.

Tyiiin ce3mep: Konmay KbICBIMEL, KOMIp Tipeylepi, KoMip IIacTapbIHBIH JKHUEK OOTIKTepi, Tay-KeH KbICHIMBIHBIH
YKOFapFhI IeKapachl, HHTepGEPEHINS, AUPPAKIHS, TAPMOHUKAIBIK YPJIicC.

P. P. XomlcaeB', P.U.T aﬁaﬁnynnnn', C. H. .Jlncz, . K. ]JlanaJmB3, H. H. AKnMﬁeK03a4, I'. K. UBaxHIOK

'Hayuno-umxeHepHsiit nentp «'eoMapky», Kaparauza, Kasaxcran,
TOO «MHCTHTYT TpOobIeM KOMIUIEKCHOTO OCBOCHHUS Henpy», Kaparanma, Kazaxcran,
3Me>1</:[yHapoz[HLn71 yuusepcuret Silkway, [llpiMkent, KazaxcraH,
*KaparaMHCKHI TOCY1apCTBEHHBIN TeXHUUeCKuii yHuBepenteT, Kaparanaa, Kasaxcran,
>Cankr-IletepOyprekuii ToCy1apCTBEHHBIH TEXHONOTHUECKHIT MHCTUTYT (TeXHHYEeCKHii yHuBepcuTet), CaHk-
[erepOypr, Poccust

BOJIHOBBIE CBOMCTBA YIJIEHOCHOM TOJIIIH

AnHoTtauus. [IpoBeseHs! nccineqoBaHus B OJ3EMHBIX BRIPa0OTKAX YrONBHBIX IaxT KaparaHAnHCKOTO yToJb-
HOro OacceiiHa, pacroJioKEHHbIX MO/ LEeTMKaMU M KPaeBbIMH 4YacTsIMH YroOJIbHBIX IUIacToB. MccnenoBanust mpoBo-
JIWTACH TTyTEM U3MEPEHHUsS Pa3MepOB TOPHBIX BRIPAOOTOK HAa yJacTKaxX PACIIONOKEHHBIX IO IETUKAMU U KPAaeBBIMU
YacTAMH BBIIIENIEKALIMX YTOJBHBIX IUIACTOB. Pe3ynbTaThl NMPOBEACHHBIX HCCIEAOBAaHMU IOKa3alH, YTO BO BCEX
BBIPa0OTKaX, B KOTOPBIX NMPOBOAMINCH HAOJIOJICHHUS, BHICOTA y4acTKa BbIPAOOTKH, PACHONIOKEHHOTO IO/ LETUKOM
(xpaeBO¥ 4acThIO) M3MEHsIETCS BOJIHOOOpa3HO. B cTarhe NMpUBOAATCS pe3ysbTaThl CPABHUTEIBLHOIO aHAM3a Ipo-
BE/ICHHBIX HAOJIOJCHUH C TEOPETHYECKUMH ITOJIOKEHHSIMH paclpoCTPaHEHHUs! BOJIHOBBIX IpolieccoB. B pesynbrare
IIPOBEJICHHOTO aHAJIM3a BBIIBICHBI AM(PAKIMOHHBIE CBOWCTBA OMIOPHOTO JaBJICHUS M 3aKOHOMEPHOCTH €r0 paclpo-
CTpaHCHHS O] EeJTNKAMH U KPaeBBIMU YaCTSIMH yTOJIBHBIX TUTACTOB.

KiroueBble c10Ba: ONMopHOE AaBlICHHE, LENHUK YIIIS, KpaeBas YacTh YTOJIBHOTO IUIACTA, 30HA MOBHIIICHHOTO
TOPHOTO JaBJIeHUs, HHTephepeHIs, TrudpaKius, TapMOHUIECKUH IIPOIIecC.
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